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CRU SE RESULTS

Crui se 98-1 FV Vesteraal en
Trawl Positioning Gear Trials
18-29 May 1998

The Resource Assessnent and Conservati on Engi neeri ng (RACE)

Di vision of the Al aska Fisheries Science Center (AFSC) conducted
trawl positioning gear trials in Puget Sound in support of
studi es investigating potential inpacts of bottomtraw s on
essential fish habitat. This study involved contract support
fromthe U S. Navy, Naval Undersea Warfare Center (NUWC) Division
Keyport, Keyport, WA and Racal Pelagos, Inc., San D ego, CA

AREA OF OPERATI ON

The gear trials were conducted at the NUWC fi xed underwat er
tracki ng range in Dabob Bay (known as Dabob Range), Hood Canal,
Puget Sound, WA. The Dabob Range is a fixed short baseline (SBL)
hydr ophone array operated by the NUWC to neet the U S. Navy's
needs for test and eval uati on of weapon systens, ships, research
and devel opnent, and fleet training. The range size is 23.3 kn¥
(9 M2 with water depth ranging from36 to 183 m (120 to 600
ft). There are eight arrays with an 1828 m (6,000 ft)
separation. The underwater track is 75 kHz phase-shift keyed
(PSK) and is accurate to + 0.9 m(3 ft) relative, £ 3.1 m (10 ft)
absol ut e.

OBJECTI VES

This study was undertaken in direct response to new nmandates in

t he Sustainable Fisheries Act of 1996 that require assessnents of
all activities with potential adverse inpact on essential fish
habitat, specifically those related to fishing gear. In
particul ar, these gear trials were conducted to address the need
for accurate information on traw |ocation during scientific
fishing operations. The ability to resanple specific areas is
essential to experinmental work planned for the Bering Sea, as
part of AFSC trawling inpact studies that began in 1996

( TRAWLEX) .



The primary objective of this cruise was to conpare the
performance of three acoustic systens for real-tine positioning
of a bottomtraw net. Accuracy of each systemw || be
gquantified and conpared by trawiing within the inherently nore
accur ate Dabob Range.

Addi ti onal objectives related to performance, inplenentation and
cost of the ultra-short base line (USBL) systens were as foll ows:

1) eval uate the acoustic performance of each USBL systemin
terms of nunbers of interrogations, returns and outliers
(details in Data Anal ysis section bel ow);

2) conpare ease of installation of deck el ectronics, transducer
and transponder, including power requirenments, size and
wei ght of equi pnent and (direct) interfacing to gyro, GPS
and | oggi ng equi prent ;

3) conpare the user friendliness and general utility of each
systenmis software, to include an assessnent of real tine
indicators of incomng data quality, the overall utility of
graphical /digital displays available to the operator,
internal data |ogging options, and the requirenments for
addi tional processing to produce real world coordi nates from
the raw data

4) conpare calibration procedures to conpensate for head
al ignnent errors due to installation and instrunental tilt
errors;

5) identify requirenents for additional hardware and determ ne
whether third party software is required to effectively
operate each USBL system and to display net position in real
time so that it can be fished al ong a predeterm ned path;

6) determne if support personnel are required to install,
cal i brate and/or operate each USBL system and/or to process
the raw data; and

7) eval uate the suitability and performance of the renovable
over -t he-si de hydrophone pol e designed for this study.

VESSEL AND CEAR

Cear trials were conducted aboard the 37.8 m (124 ft) chartered
comercial fishing vessel FV Vesteraalen. The Vesteraal en has a

draft of 5.5 m is powered by a 1725 hp main engine, and is



fitted wth a propeller nozzle.

The bottomtrawl used was an 83-112 eastern (Fig. 1). The 83-112
eastern traw has been the standard sanpling net used during
annual AFSC eastern Bering Sea surveys since 1982. This net had
a 25.3 m (83 ft) headrope and a 34.1 m (112 ft) footrope. In
sone cases, the net was equipped with a tickler chain, hula
skirt, and a 3.81 cm (1.5 in) liner covering both wings as well
as the entire bottom body, internediate and codend. There was a
30 nesh overlap with a standard 3.18 cm (1.25 in) codend |iner
extendi ng 65 nmeshes up fromthe termnus of the codend. These
nodi fications are standard for AFSC traw ing inpacts studies in
the eastern Bering Sea.

The 83-112 eastern traw was towed behind 1,000 kg, 1.8 x 2.7 m
steel V-doors and 54.9 m (180.1 ft) paired dandylines. Each

| oner dandyline had a 0.61 m chain extension connected to the

| ower wi ng edge to inprove bottomtending characteristics.

In keeping with standard AFSC sanpling protocols, instrunents

t hat support area-swept and catch-per-unit-effort (CPUE)

cal cul ations were attached to the trawl. A (Scanmar®)! net
mensuration systemwas utilized to nonitor sanpling net
configuration and performance. The height sensor was attached to
the center of the headrope and operated at either 41.417 (C2) or
41.690 (C-5) kHz. Master and sl ave spread sensors were attached
to the port and starboard wingtips of the trawl (respectively)
and operated at either 42.631 (C2) or 42.024 (C5) kHz. On-
and off-bottomtinmes for the net were determned with an opti -
mechani cal bottom contact sensor attached to the footrope. Al so,
seawater tenperature profiles were collected using a mcro-

bat hyt her nograph attached to the headrope of the net.

Three ultra-short baseline (USBL) acoustic positioning systens
were evaluated during the gear trials: 1) ATS IIl, manufactured
by Nautronix, Inc., 2) ITI Wreless Traw Positioning and

Moni toring System manufactured by Kongsberg Sinrad, and 3)
Trackpoint Il Plus, manufactured by ORE International, Inc.

These systens were installed and operated by technicians supplied
by the manufacturers.

In order to utilize the Dabob Range for tracking, a pinger and
battery pack were attached to the research trawl. These were
mounted on a nyl on board, housed in protective cages and cabl ed
together. The pinger was synchronized to UTC tinme and operated
at 75 kHz with output power of 193 dB (1lpPa at 1 n). It was

'Reference to trade nanmes does not inply endorsenent by the
Nat i onal Marine Fisheries Services, NOAA
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programmed to ping every 4 (optionally 2, 4, 8 or 16) sec. The
fixed array, also synchronized to UTC tinme, recorded the tine of
arrival of each ping at each transducer. Since the epoch of each
ping is known and the velocity of sound was observed, a range (or
range difference) fromeach transducer to the pinger could be
determ ned. These lines of position (LOP) were conbined in a

| east squares adjustnment to determ ne the coordinates of the

pi nger (trawl). Every hour upon recovery of the traw, the

pi nger’s clock was re-synchronized with a portable satellite
receiver to correct for drift (~210 pseceh!). Range tracking
data were | ogged ashore at the nearby control center at Zel atched
Poi nt .

Sound velocities were determined with CID casts nmade from a Navy
support vessel, generally once each day. The CTD data were
transferred to the Vesteraal en, processed and nade available to the
USBL operators before testing began.

A GPS receiver and a radi o receiving USCG beacon transm ssi ons on
board the vessel provided differentially corrected positions in
NVEA format. Vessel heading was obtai ned froma Sperry M-37 gyro
and a Lehnkuhl LR-22 or LR-40 repeater. During nobilization, a
gyro survey was performed at K/ B Docks by conparing the ship’s
centerline azimuth to the observed gyro azinmuth. The azinmuth of
the ship was determ ned by neasurenents to the pier. The azimuth
of the pier was obtained fromthe Navy (152° true). Position and
headi ng of the vessel were fed to the USBL consoles and into the
Navy’ s PC Range G aphics (PCRG conputer on the bridge. The PCRG
conput er graphically displayed the vessel and traw positions with
reference to a predeterm ned trackline. (Trawl position was
transmtted to the Vesteraalen via an RF link with the range
control center.) This display was used by the hel msman to steer
the trawl along the desired trackline and provided other vesse

navi gation information, such as speed and headi ng.

The USBL transducers were nounted at the end of an over-the-side
hydr ophone pole (Fig. 2). The pole was a hybrid of several
designs that had been used successfully in other applications and
was col lectively approved for the gear trials by all parties.

The pole was conprised of four major conponents.

1) A downpi pe of 15 cm di aneter schedul e 80 pi pe extended from
3.25 m above the waterline to the keel of the vessel and was
positioned outboard 0.46 m At its upper end, the downpipe
was bolted to the starboard bulwarks, just aft of the
wheel house and forward of m dships, at two flanges separated
by 1.8 m An upper 10 cmtension flange and a | ower 15 cm
pi vot index flange were backed with 1.25 cm doubl er pl ates
for strength. The pivot flange all owed the pole assenbly
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and attached transducer to pivot out of the water when
transiting at speeds above ~5 kts.

2) Attached to the end of the downpi pe was an i nterchangeabl e
1.6 m adapter section of 10 cm schedule 80 pipe with pre-
drilled bolt patterns to accomopdate the different USBL
transducers.

3) Located just below the waterline and attached to the vessel
was a braced saddl e on which the downpi pe rested when fully
depl oyed for tracking (i.e., oriented vertically).

4) In order to reduce drag on the pole when depl oyed vertically
for tracking, UHMWfairings (30.5 Wx 99.1 L x 0.32 cmT)
were positioned along the |l ength of the downpi pe. These
were separated by 21.9 cmdi aneter donut spacers made of the
sane stock. Additionally, pad eyes were placed near the two
ends of the main downpi pe to enable attachnent of fore and
aft stays, if desired for stability.

| TI NERARY

The Vesteraal en began the study at K/ B Docks in Bangor, WA on 18
May and ended the study at K/ B Docks in Bangor, WA on 29 My.

METHCDS

Test procedure

Bef ore commencing a test trawl, the range pinger was synchronized
with UTC using a GPS TrueTi mre® and the GPS receiver synchronized
t he |1 oggi ng conmputers using NMEA sentence ZDA. This was to
mnimze |atency effects that would confound USBL and SBL track
conpari sons. The hydrophone pole was pivoted fromits out-of-
the-water running attitude, positioned in the saddl e and then
bolted in place. The range pinger and battery pack were attached
to the center of the trawl headrope. The USBL beacons were sewn
into a nesh pocket(s) at the top of the net or directly aft of

t he Navy beacon, in either case they were at least 2 mfromthe
Navy unit. The USBL beacons were secured to the headrope with a
safety line and were turned on. Scanmar® sensors, the bottom
contact sensor, and the m cro-bathyt hernograph were al so attached
to the traw. The traw was then deployed as far as the doors.
After confirmng that the Navy's tracking system and the USBL
system were functioning, the vessel finished setting the gear

and proceeded down the specified course at normal trawl speed

(~3 knots). Towwre length was consistently 273 m (150 fm thus
gi ving a depression angle fromthe horizontal of approximtely
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13° in 60 mof water. The USBL and Navy systens each | ogged data
while trawling. At the end of each test, the trawl was retrieved
only as far as the headrope to enable re-synchroni zation of the
range pinger (if necessary). It was then re-deployed after a

| ong, slow turn nmade to bring the vessel back to the original
starting point. Since these gear trials were intended to
denonstrate best possible performance of each USBL system
technicians were free to nodify the deploynent (e.g., reposition
beacons) at will. The only requirenment was conpl etion of at

| east eight successful test trawls during the day of nobilization
and two days of range tine allocated for testing each USBL
system

Data col |l ection

The requirenment was to provide the position of the vessel and
trawl while trawiing. |In order to conpare traw position from
the USBL and NUWC systens, the tinme of each fix was required.
Logged data were provided as comma-delimted PC-files where each
line in afile constituted a record and was term nated by a |line
feed. The data in each record were as cl ose as possible to the
sane epoch. For vessel position, each record included: vessel
nanme, date and tinme of vessel fix, latitude of vessel, |ongitude
of vessel and vessel heading. For trawl position, each record

i ncluded: beacon code, date and tinme of beacon data, |atitude of
beacon, |ongitude of beacon, beacon depth, beacon range (raw USBL
data), horizontal angle to beacon (raw USBL data) and vertica
angle to beacon (raw USBL data). This record was repeated if
mul ti pl e beacons were tracked. Either the range and angl es were
| ogged or X, Y and Z, at the discretion of the USBL operators.

Dat a anal ysi s

Trawl positions obtained with USBL systens will be conpared with
those fromthe inherently nore accurate (i.e., fixed SBL) Dabob
Range. Since the two systens determ ne |locations at different
tinmes, individual fixes will not be conpared. Instead tinme
stanps will be used to interpolate USBL positions that nmatch the
time of a Dabob Range fix. Using the published USBL
observational errors and the estimated errors fromthe GPS
antenna to the USBL hydrophone, a variance will be produced for
the USBL data. The Navy' s estimate of 1.52 m (5 ft) for the
accuracy of their systemw || be added to an estinate of the
error due to a tine difference between the Navy’'s system and the
USBL | ogging clock. Only one variance will be conputed for al
the elenments in a set. Thus there will be two sets of data with
a statistical variance for each elenent in the sets. The nom na
clock error will be calculated as foll ows:

Fo =)t V

where F, is the approximte error due to clock difference, Vis



7

the ship velocity and )t is the estimated clock difference. Then
an “assessnent of paranmeters” statistical test conparing two

i ndependent determ nations of the sane point will be nmade. The
mean and standard deviation of the difference in distance for
each Navy point and corresponding USBL point will also be
conputed. In performng these conparisons, the data sets wll be
screened for outliers. A USBL observation will be deened an
outlier if its horizontal distance is greater than 2F fromthe
average path of the trawl. The average path of a trawl wll be
determ ned fromthe other USBL observations and the neasured

per pendi cul ar di stance. The quantity F will be estinmated by
propagating the published USBL observational errors fromthe

hydr ophone to the average trawl |ocation using the covariance
law, then F will be cal cul ated as the root nean square of F, and
F, where x and y are the two axes of the vessel. Only one value
Wil be determned for each test trawl. Oher quantities will be
calculated to evaluate the acoustic performance of the USBL
systens, nanely: (1) the ratio of returns to interrogations, (2)
the ratio of outliers to returns, and (3) the ratio of returns

|l ess outliers to interrogations.

Graphi cal summaries of traw positioning will also be produced.
Plots will be made of each USBL track overlaid on the Navy track
usi ng the WS84 (GPS) datum

RESULTS

Field operations are summarized as foll ows:

Dat e Maj or Activities

5/ 18/ 98 Cl ear Navy security; nobilize F/V Vesteraal en and ATS
Il at K/ B Docks.

5/ 19/ 98 Nautroni x ATS Il testing on Dabob Range.
5/ 20/ 98 Nautroni x ATS Il testing on Dabob Range.

5/ 21/ 98 Denobilize Nautronix ATS Il and nobilize Sinrad | TI
at K/ B Docks.

5/ 22/ 98 Sinrad I TI testing on Dabob Range; denobilize Sinrad
| TI at K/ B Docks.

5/ 23/ 98 Trawl repair at K/ B Docks.
5/ 24/ 98 Trawl repair at K/ B Docks.
5/ 25/ 98 Trawl repair at K/ B Docks.
5/ 26/ 98 Mobi | i ze ORE Trackpoint Il Plus at K/ B Docks.
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5/ 27/ 98 ORE Trackpoint Il Plus testing on Dabob Range.

5/ 28/ 98 ORE Trackpoint Il Plus testing on Dabob Range;
denobil i ze at K/ B Docks.

5/ 29/ 98 Denobili ze F/V Vesteraal en

Nautroni x ATS |l test

AFSC, Nautroni x and Vesteraal en personnel cleared Navy security
the norning of 18 May and proceeded to K/ B Docks for
nmobi li zation. Trawl gear was nounted on the two stern net reels,
whi l e range tracking hardware and software were installed on the
bridge of the vessel. Nautronix technicians installed the ATS |
system including a vertical reference unit (VRU) and W nFrog®
software for data | ogging, and perforned a static calibration to
determ ne appropriate offsets. The ship’s gyro was cali brated.

After a safety orientation, the vessel departed K/ B Docks at 0535
on 19 May and proceeded to the Dabob Range. A prelimnary survey
using the vessel’s fathometer and chart recorder was perforned to
eval uate the feasibility of trawing in the two pre-sel ected test
areas (Fig. 3). The primary test site, with centerline defined
by (lat. 47°47' 00.4"N, long. 122°49'21.8"W and (I at.

47°46' 25.5"N, long. 122°50' 15.8"W, was rejected because of a
gully that bisected the trawl path. The alternative site, with
centerline defined by (lat. 47°44'57.2"N, |ong. 122°50' 35.7"W

and (lat. 47°44'23.1"N, |long. 122°50'53.2"W, was selected
despite evidence of a hard bottom hazard, which was subsequently
confirmed to include |arge boulders. Oher areas were not

consi dered because of specific depth requirenents for AFSC
research in the Bering Sea, the need for I|ine-of-sight

communi cati on between the traw -nounted pinger and range

hydr ophones | ocated at the center of the U shaped Dabob basin,
and in consideration of other range activities and infrastructure
(e.g., submarine operations, practice mne fields, array fixtures
and associ ated cabling). Additional surveying and exploratory
fishing at the alternative site identified a suitable path for
10-15 mn tows in ~60 mof water. CITID data collected by the Navy
indicated a nearly vertical tenperature profile. Prelimnary
tows confirnmed proper operation of net nensuration and range
tracki ng equi pment and rul ed out acoustic interference. Before
returning to K/ B Docks at ~1900, one test tow was perforned with
a single beacon (code 187) positioned 4.6 m (15 ft) behind the
range pinger. The beacon tracked well once subnerged bel ow 40 m
depth. Trawl gear was repeatedly damaged by boul ders and ot her
debris and frequently fished off the centerline of the vessel due
to currents. Eight additional test tows were perforned on 20
May, beginning at 1300 and continuing until after 2300. (The
testing schedule was shifted so as to avoid conflict with a
recreational shrinp pot fishery in Hood Canal.) The USBL beacon
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was repositioned closer to top-center of the headrope at 2.6 m
behi nd the range pinger. Once again, traw gear was repeatedly
damaged by boul ders and ot her debris and was frequently fishing
off the centerline of the vessel due to currents. Al tows were
taken in a generally southward direction. Although erratic gyro
behavi or occurred (Lehnkuh LR-22 repeater), the Nautronix
techni ci ans were not concerned because any errors could be
renmoved during post-processing of the data. Overall, they were
generally pleased with th performance of the ATS Il system and

t he conduct of the test. Nautronix gear was denobilized at K/ B
Docks on 21 May and technicians depart ed.

Kongsberg Sinrad I Tl test

Si nrad personnel cleared Navy security the norning of 21 May and
proceeded to K/ B Docks for nobilization. Sinrad technicians
installed the ITI systemincluding a 27-33 kHz triple beam
transducer (40° vertical coverage for a single beam and 100°
aggregate horizontal coverage), ECC d obe® el ectronic chart

navi gation software, as well as depth, tenperature and catch
sensors. Calibration of the ITI systemwas not necessary. Navy
ETs repl aced the ol der Lehnkuhl LR-22 gyro with a newer nodel

LR- 40.

After a safety orientation, the vessel departed K/ B Docks at 0500
on 21 May and proceeded to the Dabob Range. CTD data col |l ected
by the Navy indicated a nearly vertical tenperature profile. A
prelimnary tow was conducted with I TI sensors only, to confirm
proper operation. Twelve additional test tows were conducted
before returning to K/B Docks. Al tows were taken in a
generally southward direction. As before, traw gear was

repeat edl y damaged by boul ders and ot her debris and was
frequently fishing off the centerline of the vessel due to
currents. Two serious problens were encountered with the ITI
system which wll conprom se positioning data and, ultimately, a
conparison wth Navy tracking data. The ITI depth sensor

mal functi oned and did not provide reliable data. Depth data are
an essential input for traw positioning with the ITI system
since the transducer itself does not directly neasure the
depression angle to the net. A catch sensor was substituted to
generate range data (i.e., target distance only) and a constant
depth val ue was input manually. This approach, however, does not
account for variable geonetry related to depth and thus

i ntroduces (net) positioning error. Also, the ITI did not |og
time-stanped traw positions. By design, the ITI interrogates a
sensor every 4 sec to determ ne net position, but does not output
time with the determ ned position. Attenpts in the field to
resolve the problem including installation of a second DGPS
receiver and reformatting of data with WnFrog® were
unsuccessful. The vessel returned to K/ B Docks at ~2100, the ITI
system was renoved and technicians departed. Overall, Sinrad
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technicians felt that the ITI systemperfornmed well and that good
trawl positioning was acconpli shed.

ORE Trackpoint Il Plus test

AFSC and ORE personnel cleared Navy security the norning of 26
May and proceeded to K/ B Docks for nobilization. ORE technicians
installed the Trackpoint Il Plus system including a VRU nounted
on the main deck at the centerline of the vessel just aft of the
wheel house, a flux gate conpass nounted on top of the wheel house,
and HyPack® software for data |logging. A dynamc calibration to
determ ne offsets was perforned that evening by circling a beacon
trailed behind a drifting skiff. At this tinme, audible drumm ng
of the hydrophone pole was noted while underway at trawing
speed. Two nodifications resolved the problem (see bel ow).

After a safety orientation, the vessel departed K/ B Docks

at 1300 on 27 May and proceeded to the Dabob Range. Departure
time was delayed so as to avoid conflict with a recreationa
shrinp pot fishery in Hood Canal. Two beacons (27 and 26 kHz
transmt; 19 and 21 kHz receive) were placed at 4 mon either
side of the center of the headrope. Ten test tows were conpleted
before returning to K/ B Docks at m dnight. The Vesteraal en
departed K/ B Docks at 0700 on 28 May and proceeded to the Dabob
Range. CITD data collected by the Navy indicated a stratified
wat er colum. Fours tows were conpleted before returning to K/'B
Docks at ~1300 at which tinme the Trackpoint system was renoved
and technicians departed. Damage to trawl gear was sonewhat | ess
frequent than before, however, the traw continued to fish off
the centerline of the vessel due to currents. Al tows were
taken in a generally southward direction. Overall, the ORE
technicians were satisfied with the conduct of the test and the
performance of the Trackpoint system Initially there was sone
difficulty interfacing the LR-40 gyro repeater and the HyPack®
software, apparently related to baud rate limtations in a
software driver, and the flux gate conpass was used. (ORE
techni ci ans were expecting the older LR-22 repeater.) This
probl em was resolved early the first day and did not affect the
final |ogged dat a.

Hydr ophone pol e performance

Because of the sensitivity of USBL tracking to performance of the
hydr ophone pol e, special nention is warranted. The hydrophone
pol e devel oped for these gear trials perforned very well, such
that USBL field technicians not involved in the design process
commented that it was probably the best overall design they had
used. However, careful scrutiny suggests a few refinenents to
address m nor shortcom ngs. Fairings had a tendency to distort
and slide along the downpi pe, suggesting that bolts holding the
fol ded panels should be carefully positioned and that |arger
(outside) dianeter spacers were needed. One USBL technician
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suggested that the folded fairing panels should be | onger and
that standard sizing guidelines exist. Also, flexing of the
vessel’s bul warks where the (lower) pivot flange was secured
occurred after several days use. This was first noticed as an
audi bl e drumm ng sound when the vessel was underway and, on

cl oser inspection, flexing of the doubler plate over the pivot

fl ange cutout (27.9 cmdianeter) was observed. The tol erance
bet ween t he downpi pe and the saddle was too large allow ng the
downpi pe to knock agai nst the saddle. The downpi pe was w apped
in 6 mmrubber sheet at the point of contact with the saddl e and
a guy wire (7.9 mmdianeter) was attached to the | ower pad eye of
the pole and secured near the ship’s bow This resolved the
problem Alternatively, the doubler plate covering the pivot

fl ange cutout could be gusseted to reinforce the bulwarks and
prevent fl exing.

PERSONNEL

Scientific: Robert MConnaughey?, Denni s Benj am n? Robin
Harrison? Jerry Hoff?

Techni cal : Gary Pal mataryc®d, Richard Schul ze®, George Hor neé¢,
d enn Peepl es®, Cody Manuel ¢, John LeGare®, Ray
Commi ns’, John Crami, Jeff CondiottyY, M chael
Hillers9 Kyle Coul son", Mke Chaprman', David
Herricks', Dave Fraser!

2 Personnel fromthe AFSC, Seattle
Chief Scientist and Field Party Chief
Personnel fromthe Racal Pel agos (San Di ego, CA
Test Director
Personnel from Naval Undersea Wapons Center Division Keyport
(Keyport, WA
f Nautronix, Inc. (Perth, Australia and San Di ego, CA)
9 Kongsberg Sinmrad, Inc. (Lynnwood, WA)
h El ectronic Charts Conpany, Inc. (Seattle, WA)
' Mecco, Inc. (Duvall, WA
I ORE International, Inc. (Falnouth, M)
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For further information contact Dr. Gary Stauffer, D rector,
Resource Assessnent and Conservation Engi neering Division, Al aska
Fi sheries Science Center, National Marine Fisheries Service, 7600
Sand Point WAy NE., Building 4, BIN C15700, Seattle, WA 98115-
0070 Tel ephone (206) 526-4170
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83/112 EASTERN

BOTTOM

149.5M
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<—18M
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Figure 1. Diagram of the 83-112 bottom traw! used in the 1998 trawl positioning gear trials.
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Figure 2. Hydrophone pole used in the 1998 trawl positioning gear trials.
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NUWC Dabob Range test areas for 1998 trawl positioning gear trials (NUWC run plan #3173).



